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<  KQION  TBCSHHIOAL  No.?26> 

[oOHNo.  74  *  •  ! 

I  m!EB»  29th  Ifargh,  I960*  : 


EBBIBAIIQW  (F  CBGMIG  OHanOAIfl  THBOUGgi  IHB 
T^TB  TifiTJ-TniES  AMD  THE  EPIDERMia 

^  'i.By-'  V;  - ,  ' 

!  R.T«  lEBCE&R 

DtaaClDtJCTION 

The  relative  ioipooTtanoe  of  the  eppei;4eges  and  the  epidermis  in  the 
passage  of  chemicals  into  the  skin  has  heen  Abated  for  many  years  (i ,  2.)« 
Conclusions  on  the  relative  importanoe  of  the  epidermis  and  the  pilose- 
baoeous  apparatus  have  been  based  principally  on  the  histplogioal 
localisation,  of  the  penetrant  (3»  4)t  ‘but  such  ohsarvations  show  cnly  the 
concentration  ih  the  tissue  and  not  the  rate  at  which  the  penetrant  diffuses 
through  it*  Only  direct  measux^mants  of  the  penetration  rates  through  each  • 
of  the  two  struottnrias  separately  TOuld  detextdne  their  relative  inportanoe* 
and  this  has  been  attempted  in  the  present  experiments* 

MEIIHODS 

A  young  pig  tos  anaesthetised  with  dial  and  urethane  and  the  ventral 
part  of  one  flank  was  clipped  and  washed*  Three  to  five  oiroular  areasj, 
each  1*^  in  diamster*  were  marked  out  bn  the  skin  in  a  pattern  corresp  ending 
to  the  holes  in  a  metal  plate  (Pig.l  )*  '  2-3yUg.  drops  of  ?32-lal>elled  VX 
(20-ljD  nC/g)  dyed  blue  with  an  anthraquihone  (^Gras  cxL  blue  16)  ware  applied 
to  these  skin  areas  with  a  fine  pointer ,  2C>>30  drops  on  each  area;  the  drops 
were  plaoed  either  over  heir  foUioleB  or  on  the  epidermis  between  them 
(Fig*2}*  The  epidexmlly  applied  drops  usually  spread  to  cover  a  few  hair 
follicles  while  drops  deliberately  plaoed  on  foOLlioles  sporasid  to  a  small 
extent  over  the  adjoining  epideimis  (Fig* 2);  the  number  of  hair  foUioles 
covered  by  blue  dye  was  counted  at  tbs  end  of  the  experiment* 

The  skin  areas  were  covered  with  mica  under  tim  plate*  sealed  to  the 
skin  with  adhesive  tape  and  each  axea  in  turn  Was.  exposed  to  a  Geiger 
oounter.  These  nsasurements  were  oontinued  for  5-6  hours*  The  regression 
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equatioQ  .qf  ^Qountiog  rate  (raaioaotivity)  idth  time  (Pig,3)  was  calculated^ 
and  the  penetwition  rate  per  unit  mass  of  VX  applied  i/ms  derived  from  the 
fomulat 

fenetration  rata  „  Deon^aae  in  oounting  i^te  par  unit  time  a  ac/dt 
(^mii^g  applied)  Original  counting  rate  0© 

This  experimental  method  has  already  heen,  described  and  its  validity 

discussed(5). 

At  the  end  of  the  experiment  an  autoradiograph  of  the  VX  in  each 
area  -was  taken  by  pressing  an  X-ray  film  into  cont%ct  with  the  mica 
covering  it.  Autoradicgrapha  were  also  taken  of  VX  P32“saturated  filter 
paper  discs  of  known  diameter,  and  the  width  of  the  halo  produced  by  the 
long-range  ^-particles  from  the  P32  measured;  this  was  found  to  be  0,08mm, 
The  axes,  of  skin  covarod  by  each  drop  of  VX  was  taken  as  that  of  -ftie 
autoradiograph  less  that  of  the  halo,  A  photograph  of  each  skin  area  was 
accurately  superimposed  on  the  corresponding  autoradiograph;  thus  the 
number  of  hair  foUicles  covered  by  P32  at  the  end  of  the  experiment  covild 
be  counted.  Finally  each  skin  area  was  dissected  out,  digested  in  nitric 
acid  and  its  P32  content  determined.  From  this  and  from  the  obseorved 
penetration  rate  the  total  VX  which  had  been  applied  to  the  area  was' 
calculated. 

The  average  length  and  diameter  of  the  hair  follicles  in  the  ventral 
part  of  the  flank  were' measured.  Similar  measurements  were  made  on  skin 
from  various  other  species,  and  the  number  of  hairs  per  unit  area  of  skin 
surface  in  each  was  counted  using  a  dissecting  miorosoope.  From  these 
measurements  the  total  foHicular  epithelial  area  per  unit  of  skin  surface 
was  calculated* 

RESUIiCS 

1,  Panetration  and  the  hair  fpllioles 

A  few  foUlcles  were  always  covered  even  by  the  most  careful  epidermal 
application  (Table  I),  Ubiiy  mo'e  follicles  were  filled,  however,  v4ieh  the 
drops  ware  deliberately  applied  over  them  (Table  2, a). 


TABIB  1 


Hair  foUloles  filled-' with  VX  after  epidermal  application 
As. indicated  by I 

fi(ye  2,6/  exp,  area 

F32  2,^  eagp,  area 

Xaoh  value  is  the  mean  of  9  observations 
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TABEB  2 

The  results  of  epidermal  (E)  and  follicular-  (F)  aTanlioation  of  VX 


A.  Number  of  hair  foil-, 
icles  filled  vdth  VX 

B*  Penetration  rate 
of  VX  (g/min  x  10-9) 
per  exp,  area 

0,  Penetration  rate 
wr  unit  area 
(^mii^ora^  X  10“9) 

S 

S' 

E 

P 

B 

P 

.8,0 

1%0 

20 

22 

62 

84 

.2«7 

18,0 

17 

22  ; 

63 

1l6. 

4,7 

19.5 

20 

23 

54 

71 

1.5 

19.5 

10 

16 

30 

67 

1.5 

25 

12 

30 

38 

0,5 

21 

6 

4 

Mean8*3«4 

. 

20 

15 

19 

L  .  J 

49 

80 

Differenoe* 

15,6 

3.2 

31 

^  oonfidenoe  13*6-17.6 
limits 

0.5-5. 9 

17-45 

Bach  value  is  the  moan  for  a  single  experimant;,  derived  from  1-3 
skin  areas* 


*^Dhe  mean  and  difference,  valws  were  obtained  statistioal3y  as 
explained  in  the  appendix  and  therefore  do  not  correspond  exactly  with 
the  values  in  the  table* 


llthough  the  penetration  rate  -was  slightly  greater  with  the  follicular 
than  with  the  epidermal  application  (Table  ^)thi3  difference  was  only  a 
small  fraction  of  what  it  would  have  been  if  the  rate  had  been  propcarbional 
to  the  number  of  hairs  filled  with  VX  (Pig»4);  the  hair  follicles,  therefore, 
were  not  the  most  iarportant  route  of  penetration. 

Nevertheless ,  the  hair  follicles  did  have  a  definite  effect  on  the 
penetration  rate.  Although  follicular  application  produced  only  a  slightly 
greater  overall  penetration  rate  tiian  epidemal  application  (Table  2^)  the 
penetration  rate  per  unit  area  of  skin  covered  by  VX  was  much  increased 
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(Table  2/))*  This  showed  that  the  hair  follicles  were  considerably  mere 
permeable  than  epidemis,  area  for  area* 

2.  The  relative  -penetrability  of  hair  fc^licles  and  enidermis 


Since  VX  appeared  to  penetrate  throng  "both  these  routes  t be.  following 
fonmila  was  applied: 


where  n  = 
■'  A  = 
Pf  » 

Pe  “ 
E  = 


npf  +  Ape  3  R  . . . .  (1.) 

nimber  of  hair  follicles  filled  with  YX 
area  of  epidermis  covered  with  YX 
penetration  rate  per  follicle  (g/min/i’ollicle) 
penetration  rate  per  unit  area  of  epidermis  (g/mit/naii^) 
overall  penetration  rate  (^min) 


ETom  this  fcrmula,  and  using  the  statistical  technique  described  in 
Appendix  b,  values  of  the  ratio  Pf/pg  were  obtained  from  each  experiment 
in  turn  (Table'  3) ;  the  range  of  the  mean  show's  that  a  hair  follicle 
could  have  "been  equivalent  to  anything  between  ^3  and  3'g’  of  epidermis. 


TABIE  3 


The  ratio  of  the  penetration  rate  -per  hair  follicle  and 
per  sq.mn-  of  epidermis 


Experiment 

Pf/Pg  (im^) 

4 

^05 

2 

3.58 

3 

i.21 

4 

1.03 

5 

0,66 

Geometric  mean 

•  1.43 

^  confidence  limits 

0.63  -  3.25 

These  figures  were  obtained  by  a  statistical  method 
described  in  Appendix  B, 
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Histologioal  measuremsnt  showed  that  the  oross-sectional  area  of  a 
hair  follicle  (a^ )  was  0,019  mr}  it  follovra  that  the  follicles 
oonsiderahjy  more  permsahle  than  an  equivalent  area  of  epidertnisi  * 


gollicular  penentration/unit  cross-sect,  area  =  1 
S^idernal  penet^tiO^unit  area  ^ 


Pc 


75  (Rhhge  33-170) 


On  the  other  hani  the  mean  epithelial  area  inside  a  hair  follicle 
(ao)  was  much  greater,  1  ,05  mn^,  so  that  tlie  penetration  per  unit 
epithelial  area  within  the  follicle  did  not  significantly  differ  from 
that  of  the  epidermis! 


ynllifinlar  penetration/unit  epithelial  area 
Epidermal  penetrstiorv/unit  area 


1 


El 

»e 


=  I.Zh  (Hange  0,6“3»2) 


3,  The  area  of  intra-«follicular  epithelium  in  different  species 

The  cross-sectional  area  of  the  follicles  was  calculated  from  their 
mean  diameter  and  the  area  of  the  epithelial  lining  was  calculated  from 
their  diameter  and  length,  on  the  assumption  that  they  were  approximately 
cylindrical,  Ercm  these  values  and  the  number  of  hairs  per  unit  surface 
area,  tlie  total  areas  of  skin  surface  taken  up  by  the  follicles  (Aj )  and 
of  stratified  epithelium  lining  (Ag)  were  determined.  In  hairy  animals 
theire  was  considerably  mere  epithelium  below  the  skin  surface  than  upon 
it,  although  only  a  small  fraction  of  the  visible  surface  was  taken  up  by 
hairs  (Table  4)  ,  . . 

TABLE  4 

Traction  cf  skin  siirface  covered  by  hair  follicles  )  and  epithelial 
area  within  follicles  per  unit  skin  area  (A2):  (cm^cni^) 


Species  &  site 

^2 

Man,  dorsal  forearm 

0.0015 

0.07 

Pig,  loner  flank 

0,0024 

0.13 

Hat,  belly 

.0.041 

2,3 

Habbit,  back 

0,018 

’ 

i2*o 
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DISCUSSION 

The  present  ejqperiments  were  designed  to  find  out  vihether  penetration 
is  chiefly'  throu^  hair'  follicles  or  through  epidermis.  Deli'betat'e  efforts 
■vrere  made  ‘to  encourage  follicular  passage ,  bu'b  there  was  only  a  slight 
increase  in  penetration  when  the  number  cf  hair  follicles  covered  v/as 
increased  'by  a  factor  of  five  cr  more  (Pig.  4);  is  these  eapeilmehts, 
therefore,  only  a  small  fraction  of  the  penetrant  passed  through  the 
follicles.  However,  when  the  penetration  was  expressed  in  terms  of  the 
area  of*  sliin  covered  the  hair  follicles  in  the  pig  were  foixnd  to  be  30^60 
times  as  pemeable  as  an  equivalent  area  of  epidermis. 

When  a.  large  drop  is  applied  it  covers  both  hair  follicles  and 
epidermis,  so  that  the  fraction  of  skin  penetration  ii^ich  occurs  via  the' 
hair  follicles  can  "be  calculated  from  the  total  cross-sectional  area  of' 
follicles  per  unit  area  of  skin  (A.),  On  the  assumption  that  the  mejxi 
of  75  found  in  the  pig  for  the  ratio  of  follicular  to  epidermal  penetrability 
holds  in  other  ^ecies  t’his  fraction  is  given  by  the  ejqxressiom 


...Ja...  .  (2) 

1  +  TitA, 

Prom  this  the  values  in  Table  5  (Coi.  A)  have  been  calculated;  although 
these  are  only  approximate  they  demonstrate  the  relative  unimipartanoe  of 
the  hair  follicles  in  man  and  their  greater  importance  in  the  hairy  animals, 

TABIE  5 

Praction  of  total  penetration  which  passes  through  the  hair  follicles, 
calculated  from  equations  2  (Oolumn  A)  and  3  (Column  b) 


Species  &  Site 

PoLLicular  penetration 

A  B 

Uan,  dorsal  forearm 

0,11 

0,06 

Pig,  lower  flank 

0.15 

0,12 

Bat,  belly 

0.58 

0.70 

Babbit,  baok 

0,76 

0,92 

There  are  two  possible  routes  of  penetration  in  ’the  follicle,  the 
sebaceous  glands  and  the  stratified  epithelium  lining  the  hair  shaft. 
Although  fa't-soluble  penetrants  have  "been  observed  wi.thtn  the  sebaceous 
glands  (3,6)  it  seems  unlikely  that  much  passes  from  them  into  the 
oirdulatlon,  itor  suoh  substahces  iwould  'be  prefk'ent tally  absorbed  by  the 
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gland  cells*  Tbs  results  reported  hei«  show  that  when  the  epithelial 
lining  of  the  follicles  is  considered  the  penetration  per  unit  area  is 
approociniately  the  same  as  that  for  the  epithelium  on  the  skin  sxirfaoej 
in  other  words,  if  the  sebaceous  gland  penetration  is  negligible  all 
stratified  epithelium,  v/hether  inside  or  outside  the  follibles,  appears 
to  have  the  same  penetrability.  ■' 

On  this  basis  the  fraction  of  the  penetrant  which  penetrates  via  the 
hair  follxclos  idEiy  h©  oalcuXatsd  frem  'th©  aifea  of  ep.i'bhQli^jni  linTOS  *h.e 
follicles  (A2)  from  the  e^epression  ' 

A. 

■intrafbllioular  epithelial  area  =-  2  0)  - 

Total  epitheital  area  ‘  1  +  A2 

The  values  calculated  this  way  are-  also  Shown  in  Table  5,  and  do  .net 
differ  markedly  from  those  calculated  by  the  first  method. 

In  man  another  possible  route  is  penetration  through  the  swbnt  glattds,  _ 
Palmar  skin  has  been  found  to  be  considerably  less  penetrable  than  that  of 
other  regions  (6,7,8),  although  the  sweat  glands  are  several  times  as  _ 
numerous  there  as  oa  the  arm,  thigh  or  trunk  (9)»  If  the  amount  of  pe.nstra" 
tion  per  gland  is  csilculatad  on  the  assumption  that  all  the  palmar  penetra¬ 
tion  is  by  this  route,  it  vrould  only  account  for  a  small  fraction  of  the 
higher  rate  of  penetration  with  lower  gland  density  found  elsewhere,  ^ 
Penetration  via  the  sweat  glands  is  therefore  unlikely  to  he  in^pertant  in 
regions  other  than  the  palms  and  soles* 


If  the  sweat  and  sebaoecus  glands  are  uniii5>artant  and  all  tte 
epithelium  has  the  same  penetrability,  it  is  correct  to  express  the 
penetration  of,  skin  in  teims  of  the  total  epithelial  area  raltoer  "chan 
the  skin  surface  area.  When  the  figures  previously  obtained  for  Vi  are 
coroared  in  this  way  they  all  lie  -withTin  a  conparatively  narrow  range 
(Table  6),  which  suggests  that  all  stratified  epithelia  present  comparable 
bairioz'B  to  penetration. 


TABIE  6 

?et»tration  of  Vi  expressed  ^r  unit  area  of  skin  surface  (a)  ac 
per  unit  area  of  the  total  epithelial  surface  (B) 


Speoies 

Penetration  rate  ( 

^ cm^/min  x  1 0 

A 

B 

Ban,  back 

0.47 

0eii4 

Pig,  flank 

0.78 

0.69 

Bat, belly 

2.5-7,3 

0,7-2.1 

Babbit,  back 

4.7 

0.36 

4  ■<  o1  ailann  -fmm 

Table 
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Ihauer  et  al  (11,12)  showed  that  insensihle  water  loss  was  Siinilar  in  dogs; 
and  men*  Since  it  is  unlikely  that  much  water  v/ould  he  lost  ftom  the 
interior  of  the  follicles,  heoause  of  their  restricted  openings,  insensihl^ 
water  loss  prohahly  takes  place  from  the  surface  epithelium  and  Thauer’s 
ohserva*'ions  indicate  that  the  epitJaelia  of  dogs  and  men  are  equally  • 
permeable  to  water.  It  might  he  argued  that  the  large  range  in  thiol^ess 
of  the  epithelium  in  different  species  makes  an  invariant  harrier  unlikely, 
hut  the  stratum  granulosum  in  vMch  region  the  harrier  is  generally  helie-ved 
to  lie  (13)  appears  to  he  much  less  variable  in  thickness  than  other  layers 
of  the  epidermis;  it  was  found  to  he  l^-^  thick  in  rahhits  and  2^  thick  ; 
in  pigs.  A  mathematical  treatment  of.  the  harrier  (1,4)  also  indicated  that 
its  thickness  varied  little  between  species. 
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A,  Oaloulation  of  the  average  values  and  differetiOes  between  groups 

The  einalysis  was  p^rfoinnhd  on  the  origiiml  oh^rvatione,  not  oh  the 
averages  per  experiment  which  are  shown,  for  convenience,  in  the  text. 

The  means  of  the  epideriial  (l)  and  follicular  (f)  groups  Wer^ 'found,  in  the 
usual  manner  and  the  differences  were  calculated  "by  taking  all  comibinations 
of  F-E  within  each  eijqperiment.  An  extract  from  the  calculation  of  the 
difference  between  the  number  of  follicles  (n)  covered  with  VX  is  given 
belowi 


The  values  of  np  -  thus  obtained  from  the  ivhole  set  cf  experiments 

were  averaged;  their  internal  ’/ariance  was  found  and  the  59?  confidence 
limits  for  the  mean  calculated  from  it  by  means  of  a  t-test.  The  same 
procedure  was  used  for  the  penetration  rate  and  penetration  rate  per  unit 
area  calculations, 

B,  .  Pitting  to  an  equation 

Equation  1  (Results,  section  3)  is  a  simple  addition  of  the  two  routes 
of  penetration: 


+  APg  =  R  . .  (1) 

For  ocnvnnienoe  in  handling  both  sides  were  divided  by  Rpg  ac  E 
reduce  the  equation  to  the  standard  fcrm  y  =  mx  +  o  : 

A/R  =  -(Pf/Pe)»VR  +  VPe . . .  (2) 


VR  =  -’(Pe/Pf)A''R  +  1/Pjp  (3) 
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itoin  the  dbaerved  values  of  n,  A  and  R  in  each  experiment  5^5  sets  of 
values  (i^R)''and  (V^)  obtained.  The  regressions  (a)  of  A/K  on  lyfe 
and  (b)  of-  on  i/R  Tiere  calculated,  and  the  square  root  of  the  ratio  of 
the  regression  constant  for  (a)  (p^Pg)  to  that  for  (b)  (p^p^)  ■was 
obtained;:  .the' t^vo  constants  were  combined  ■with  equal  we^ht  because  ^R 
and  i^R  wei?B  imown  to  contain  oonparable  degrees  of  error* 
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FIG.l.  Metal  raatrainii^  plate  over  pig  flank  akin, 


L 


1  cm. 


J 


5X. 


FIG.  2,  Dyad  VX  apots  placed  on  (  F  )  or  between  (  B  )  the  hair  folliclea 


P.T.P.  726. 


/  6  02 


dstli 

*  i'Kii’! 


rdstij 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
U.S.A. 


AD#:  AD0316880 

Date  of  Search:  1 1  Jun  2009 

Record  Summary:  WO  189/1040 

Title:  Penetration  of  organic  chemicals  through  hair  follicles  and  epidermis 
Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI  Act:  30  years 
Former  reference  (Department)  PTP  726 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


